The neonatal period is associated with highest risk, and neonatal surgery should only be undertaken in specialist centres. Children <1 year of age undergoing surgery have been shown to have a 4.5 times increased risk of perioperative mortality compared with older children. [9] Risk of perioperative adverse events decreases with age, and the likelihood of having an adverse event in the perioperative period decreases by 3% for every 1-year increase in age. [10] This open-access article is distributed under Creative Commons licence CC-BY-NC 4.0.
CME
On 28 January 1848, 15-year-old Hannah Greener died after receiving a chloroform anaesthetic for the removal of a toenail. This was the first recorded death attributed to anaesthesia. Subsequent advances in anaesthetic techniques, training, medication and monitoring have contributed significantly to a decline in anaesthesia-related mortality and morbidity. [1, 2] The development of dedicated paediatric centres and paediatric specialties has also led to the improvement in outcomes seen in paediatric surgery. [3] The American Academy of Pediatrics Guidelines for the Pediatric Perioperative Anesthesia Environment suggest that a number of requirements should be met to minimise perioperative risk. These include staff, such as anaesthetists, nursing and technical personnel with dedicated paediatric training, and a treatment area with appropriate equipment and medication. [4] In resource-limited settings, the risks of providing surgical services to paediatric patients need to be offset against the need for optimal utilisation of national resources available for the provision of services. When considering the development of paediatric surgical services, the following principles can be applied to help to minimise risk in this patient population: • Facilities should be appropriately equipped to manage paediatric patients and the complications that may arise from the procedure(s) undertaken. • Risk stratification of paediatric patients for specific procedures in specific settings should be undertaken. • Standardised operating procedures and drug-dosing tables should be used to promote simplicity and safety. • Techniques employed by the anaesthetist should be chosen to minimise risk, and consideration must be given to appropriate postoperative analgesia and monitoring requirements.
Facilities
When planning services, a facility should aim to manage a minimum number of specified cases, ensure appropriate skills, and maintain equipment and drugs for their spectrum of practice -preferably written into policy. Clear recommendations with regard to these minimum numbers remain controversial, but complication rates have been reported to be significantly increased in groups performing <100 paediatric anaesthesia procedures annually than in groups performing >200 procedures. [5] In 2006, a major review of services for children in hospitals in the UK recommended that anaesthe tists looking after children should maintain an annual caseload of ≥100 patients between the ages of 0 and 12 years. [6] All equipment should be the appropriate size and type for paediatric patients. Many facilities set up a 'paediatric trolley' , which should have a list of the required equipment that should be checked regularly. Pre-and postoperative care facilities should also fulfil certain requirements. The recovery area should have one-onone patient-to-nurse ratios and the staff should be familiar with specific paediatric care and resuscitation protocols. Depending on the complexity of cases, the need for availability of overnight, high-care or intensive care facilities should be addressed.
Many children in South Africa (SA) require surgery in small hospitals, and the challenge is to improve the structures and processes of care in those hospitals. The role of tertiary hospitals should be to support colleagues in smaller district hospitals by means of telephonic advice, the sharing of protocols and educational opportunities, and reviewing digitally transmitted images where possible.
Risk stratification
Each facility should decide on their scope of practice based on their ability to deal with potential risks. The caseload will need to be estimated as accurately as possible and the type and complexity of surgery should be considered (Table 1 ). [7, 8] Consideration should be given to the possibility of localising children's surgery to one location or within a group of small/collegiate hospitals to achieve a sufficient workload to maintain competence.
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Planning for the true emergency
The need for urgent surgery has been shown to be a better predictor of risk than the type of surgery, [11] with emergent or urgent cases accounting for 83% of in-hospital perioperative deaths [9] and 88% of unplanned intensive care admissions. [12] While it may not be in the patients' interests to defer emergent surgery and transfer them to an alternative facility, it may be preferable if the outcome is likely to be better in a centre where the expertise and resources are available. The decision to operate is based on the child's age, availability of a competent team, geographical location or response to initial treatment. Examples of true emergencies, where it may be better for a relatively inexperienced team to operate immediately, include torsion of the testis, volvulus, expanding intracranial haemorrhage, fracture with neurovascular compromise or upper airway obstruction.
Comorbidities
Significant pathological conditions, such as the presence of a syndrome, a large burn injury or a cardiac lesion, are usually clearly evident. However, there are several comorbidities that may have a significant impact on the perioperative course, which may only become evident when actively sought. These include the irritable airway, presence of obstructive sleep apnoea (OSA), neuromuscular disease and a history of premature birth.
Airways may be irritable in patients with a history of upper respiratory tract infection (URTI) during the preceding 2 weeks, or a personal or family history of asthma or atopy. These patients have a higher incidence of laryngospasm, bronchospasm, stridor, desaturation and other airway complications. On average, very young children will have 6 -8 URTIs every year. While it may be possible to delay elective surgery, the decision to proceed must be balanced against the urgency of the procedure and potential risk for the patient.
OSA and obesity are associated with an increased risk of respiratory depression and adverse airway events. [10] OSA may also be complicated by pulmonary hypertension and cor pulmonale. Patients with severe OSA are not suitable for day surgery, require reduced opioid doses and postoperative apnoea and oxygen saturation monitoring for 24 -48 hours.
Neuromuscular disease can complicate the perioperative course owing to involvement of the cardiovascular, respiratory and gastrointestinal systems. Patients may also be at risk of adverse reactions to anaesthetic drugs, such as anaesthesia-induced rhabdomyolysis (AIR), malignant hyperthermia (MH) and mitochon drial dysfunction. [13] A history of prematurity should be elicited in all children. Prematurity may have many long-term consequences that will impact on perioperative management. These include chronic lung disease, acquired subglottic stenosis secondary to prolonged intubation, and cerebral palsy. Subglottic stenosis can result in difficulty with intubation and may require the use of a smaller endotracheal tube than anticipated.
Medication and standardisation
The administration of medication to paediatric patients requires meticulous attention to detail. Use of drug tables, calculators and cross-checking by healthcare workers can lessen potential errors. [4] A simple chart that lists doses of emergency drugs and recipes for mixture of inotropic infusions can be of great assistance. It is also helpful to display algorithms for the management of emergency situations. Duplication of drug administration between the theatre and ward is a common problem and systems should be in place to avoid such errors.
Halothane causes an increased incidence of bradycardia and myocardial depression in children compared with sevoflurane. Standard vaporisers allow for seven times the effective dose of halothane to be delivered, which explains the high incidence of intraoperative cardiac arrests owing to overdose of inhalational agents reported in the older literature. [1, 2] It should be noted that sevoflurane overdose can also result in cardiac arrest, and 8% sevoflurane should be used with caution.
One should be cognisant of potential side-effects when administering neuromuscular-blocking agents. Muscle relaxation is required less frequently in children, and intubation may often be safely achieved with the use of medications other than muscle relaxants. Suxamethonium may offer superior intubating conditions to the non-depolarising muscle relaxants, but it can cause lifethreatening hyperkalaemia in susceptible patients, and may cause bradycardia. [3] In young children who may suffer from undiagnosed myopathies and muscle dystrophies, the risk of AIR and MH is of concern wherever volatiles or suxamethonium are used. [13] Muscle relaxants should always be reversed in doses titrated to findings on neuromuscular monitoring to reduce the risk of respiratory complications.
The volumes of fluid used during administration of medication may represent a significant proportion of the total volume administered, particularly in younger patients. It is important that the anaesthetist is aware of the volume of dead space in intravenous systems. Every drug should be flushed in with a specified volume, and care should be taken to ensure that the system is completely cleared of medication before the patient leaves theatre. A small volume of medication may correlate to a significant dose of the drug in a small patient.
Practitioners must be vigilant in their assessment of a patient's volume status and blood loss. Underestimation of preoperative or intraoperative blood loss can lead to hypovolaemic cardiac arrest in children. Reports of cardiac arrest due to hypovolaemia were often related to operations where blood loss might have been difficult to estimate or could go unnoticed, e.g. craniectomies and spinal surgery. [2] Where there is a high risk of bleeding, advanced haemodynamic monitoring should be employed, e.g. invasive blood pressure monitoring, echocardiography and near-infrared spectroscopy. It is important to recognise that the use of advanced monitoring should not delay the ongoing resuscitation in these patients.
Table 1. Recommendations for paediatric surgery (British Association of Paediatric Surgeons)
Type of hospital
Surgical procedure Non-specialist paediatric surgery safe to be performed at peripheral hospital [7] Elective
Congenital inguinal hernia Congenital hydrocele Circumcision Orchidopexy Umbilical hernia repair Emergency Appendicectomy Correction of torsion of testis Repair of incarcerated hernia Less complex trauma Specialist paediatric surgery requiring specialist paediatric centre [8] Neonatal surgery Complex surgical conditions requiring special expertise Children with significant comorbidities Paediatric urology CME Techniques Airway management Respiratory complications in children are more common than cardiac complications, and younger children are more vulnerable to such events. [1] Respiratory episodes are frequently responsible for unexpected intensive care unit admissions and cardiac arrest. [2, 12] A history of URTI or atopy, surgery to the neck and airway, and younger age (˂6 years) increases the risk of adverse respiratory episodes. [2, 10, 14] The most appropriate technique should be chosen and the anaesthetist must be prepared to manage such potential adverse events. Adverse airway episodes are not limited to the operating room. It has been shown that ~50% of all cardiac arrests in the recovery area are caused by adverse respiratory events. [14] The type of airway device used can impact on the risk of adverse respiratory events. The use of a face mask only reduces the risk of respiratory complications. The use of a supraglottic device may decrease complications in the recovery room, [14] but it may increase adverse respiratory events intraoperatively, especially in children weighing <12 kg. Complications experienced with supraglottic devices tended to be more mechanical in nature (difficulty with placement and ventilation, dislodgement), while tracheal tubes more commonly caused laryngospasm and bronchospasm. [15] Cuffed tracheal tubes, especially where the cuff pressure is monitored, are associated with fewer perioperative respiratory complications. [14] Desflurane may increase the risk of adverse respiratory events in children and should be avoided in susceptible patients.
Ultrasound
Ultrasound may enhance the success rate and decrease complications when used for vascular access and regional techniques. [16] In our experience, it can be an invaluable tool when vascular access is difficult. While guidelines from North America and the UK recommend that ultrasound imaging be used for vascular access in children, [16] it may not be readily available in many hospitals. It therefore remains important that clinicians maintain their skills in both ultrasound-guided and landmark techniques.
Human factors
Human factors contribute significantly to adverse events. A study showed that insufficient practical application of techniques contributed more to critical events than lack of knowledge. [1] A retrospective analysis by Marcus [17] highlighted the significant role of poor clinical decision-making, inadequate checking, practical task failures, lack of experience, poor communication and distraction with regard to adverse events.
Although dedicated paediatric anaesthetists and centres lead to better outcomes, these resources are insufficient to accommodate the needs of paediatric patients in SA. Every institution that can contribute towards the care of paediatric patients should therefore evaluate their system and choose to manage an appropriate number of suitable cases, using the correct equipment and medication.
Maintaining paediatric anaesthetic skills may be achieved by refresher courses at larger units and attending advanced paediatric life support courses -an 18-month interval has been suggested.
Conclusion
Facilities providing surgery to paediatric patients should be able to manage all perioperative aspects of patient care, including potential complications. A culture of critical review and redress will ensure that facilities maintain adequate standards of care. Co-operation, partnerships and networks are indispensable in the pursuit of excellence in paediatric anaesthesia.
